ABSTRACT Copitarsia decolora (Guené e) is a widely distributed, highly polyphagous pest found throughout Central and South America. We examined multiple populations of C. decolora with the mitochondrial gene cytochrome oxidase I (COI). We also investigated morphological variation in adult males sampled from these populations. COI evidence suggests that C. decolora is comprised of two cryptic lineages and is paraphyletic with respect to the Chilean C. naenoides (Butler). These two lineages, which are not completely geographically isolated, display high divergence in COI sequences compared with other members of Copitarsia and other insect pest species in general. Furthermore, these lineages also possess slight morphological differences in male genitalia; however, supporting information is necessary before the taxonomy of this species is revised.
MITOCHONDRIAL DNA HAS BECOME a common tool for examining species limits, intraspeciÞc relationships of populations, and haplotype distribution (Sperling et al. 1999 , Scheffer 2000 , Scheffer and Lewis 2001 . Such data are also capable of revealing cryptic lineages representing distinct species within geographically widespread and apparently morphologically homogeneous organisms (Scheffer 2000 , Weller et al. 2004 . In some cases, mitochondrial evidence of morphologically cryptic species is later corroborated with other data sources (Scheffer and Lewis 2001) . Information about cryptic species is important when determining control strategies for insect pests; cryptic species may differ from known species in many attributes, such as host preferences, insecticide resistance, or responses to varying environmental conditions (Miller and Rossman 1995) .
Members of the moth genus Copitarsia (Noctuidae) are polyphagous pests on at least 39 crop plants from 19 plant families in Mexico, Central America, and South America. The most economically important member of Copitarsia is Copitarsia decolora (Guené e) ( Fig. 1 ), which feeds on a variety of crops, including cut ßowers, lettuce, peas, beets, carrots, beans, and potatoes (Castillo and Angulo 1991, Arce de Hamity and Neder de Roman 1992) . C. decolora seems to be widely distributed in Central America and South America and has been reported from Mexico to Chile and east to Argentina. C. decolora is routinely intercepted on produce at U.S. ports of entry. Because of its polyphagy and wide geographic distribution, C. decolora is considered to represent a threat to U.S. agriculture (Venette and Gould 2003) . This species historically has been misidentiÞed as C. incommoda (Walker) in both the agricultural and taxonomic literature (Castillo and Angulo 1991 , Arce de Hamity and Neder de Roman 1992 , Angulo and Olivares 2003 ; this issue will be addressed elsewhere.
Another pest species within Copitarsia, C. naenoides (Butler), is more restricted both geographically and in host plant preference. Known as the brown ßax armyworm, C. naenoides feeds on a variety of commodities: radish, asparagus, beetroot, potato, sugar beet, tobacco, and linen (Klein Koch and Waterhouse 2000, Angulo and Olivares 2003) . C. naenoides is found in the central and southern regions of Chile and in northern Argentina (Klein Koch and Waterhouse 2000, Angulo and Olivares 2003) . C. naenoides can be distinguished from C. decolora by its smaller overall size and its overall reddish-brown wing coloration (personal observations). We included C. naenoides to examine intraspeciÞc relationships within C. decolora and to compare levels of genetic divergence.
Copitarsia decolora may consist of a cluster of unrecognized cryptic species that may or may not be morphologically distinct. With the mitochondrial gene cytochrome oxidase I (COI), we examine mitochondrial variation within C. decolora to evaluate whether distinct host races or cryptic lineages are present. From this information, we found that C. decolora is comprised of two distinct genetic lineages that are morphologically similar. We make no taxonomic changes at this time; further morphological sampling is needed to corroborate these results and to better understand the geographic range of each lineage.
Materials and Methods
Gene Region and Analysis. Individuals were collected in the Þeld by R. B. S. or as border interceptions by USDA/APHIS personnel (Table 1) . Larval abdominal segments or one to two adult legs were used to extract DNA from fresh material. Most of the representatives sequenced in this study were larvae. Adult museum specimens were used to obtain further DNA samples from Chile and Peru (12 individuals). DNA was extracted from two to three legs per museum specimen, which were Ͻ32 yr old. A total of 75 individuals of C. decolora were sampled from four countries: Colombia, Ecuador, Peru, and Mexico. Repre- 
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Asparagus ( sentatives of C. naenoides (Butler) and C. humilis Blanchard also were included (Table 1) . Copitarsia has been placed in the noctuid subfamily Cuculliinae (Hampson 1906 , Poole 1989 ; however, preliminary analyses of the gene elongation factor 1-␣ indicate that Copitarsia is phylogenetically related to Noctuinae (unpublished data). In light of this evidence, we chose two noctuine genera as outgroups: Agrotis (two species) and Peridroma saucia (Hü bner). DNA extractions were performed using the DNeasy Tissue Kit (Qiagen, Santa Clarita, CA) and the Insect Extraction Protocol B (DNeasy Tissue protocol 2002) with an overnight incubation at 70ЊC. Either frozen material stored dry or in absolute ethanol at Ϫ20ЊC or legs of museum specimens were used. Museum specimens were extracted on separate days from fresh material to minimize risk of contamination with similar DNA. Extraction control blanks were run along with each extraction set. These blanks were checked for volatile DNA contamination by including them in the polymerase chain reaction (PCR) ampliÞcations. All extraction blanks were negative (did not contain DNA) when used as template for PCR. Genitalia were dissected from adult specimens to verify identiÞca-tion.
A 590-bp portion of the mitochondrial gene COI was ampliÞed using PCR in an Eppendorf PCR thermocycler (Eppendorf, Hamburg, Germany) (Saiki et al. 1988) . Two primers were used to amplify and sequence this portion: CPCO-2050 F (GAGCTGTAG-GAATTACAGCATT) and CPCO-2640R (CCTC-CTAAAATAGCAAATACTGCTCC), located at positions 2050 and 2640, respectively, on the Drosophila yakuba mt genome (Clary and Wolstenholme 1985) . Cycling parameters were 29 cycles (94ЊC, 30 s, 45ЊC, 30 s, 72ЊC, 40 s), followed by a 5-min extension at 72Њ, and ending with a 4ЊC dwell. All reactions were performed in a PCR hood, and equipment was treated with UV light after each session.
PCR products were cleaned for automated sequencing with the Qiaquick PCR puriÞcation kit (Qiagen) according to protocol. Sequencing reactions were performed using the BigDye Terminator Version 2.0 Cycle Sequencing Ready Reaction Sequencing Kit (Applied Biosystems, Foster City, CA), following the recommended protocol. An ABI 377 system was used to visualize and record the sequence.
Data were imported into Sequencher 4.1 (Gene Codes, Ann Arbor MI). Sequences for each individual were aligned to produce a consensus sequence. The sequence was then translated and checked for stop codons. Consensus sequences for individuals were then aligned by conserved motifs and adjusted by eye when necessary.
Phylogenetic Analysis. Molecular data were analyzed using maximum parsimony branch and bound searches in PAUP* (Swofford 2000) . Each haplotype (Table 1) was only represented once in the analyses. Analyses were rooted with four Peridroma saucia (Hü bner) and three individuals of Agrotis (two spe- cies). To assess the conÞdence of the resulting trees, we resampled both data sets using 500 pseudoreplicates of bootstrapping (Felsenstein 1985) . We then used maximum likelihood (ML) to investigate relationships among haplotypes. Tree searches were performed heuristically with TBR branch swapping in a random stepwise addition of taxa repeated 100 times. Nucleotide frequencies used were found empirically with the HKY85 model to address unequal base frequencies. Branch support was assessed with 100 replicates of nonparametric bootstrapping.
Morphology. Standard genitalia dissections were performed for the 12 adult specimens ( Table 1) that were ampliÞed and sequenced in this study to verify identiÞcations (Winter 2000) . Abdomens were softened in warm 10% KOH for 5Ð15 min and cleaned (scales and viscera removed) in several rinses of 40% ethanol. Abdominal sclerites and genitalia were stained with chlorazol black E (Sigma, St. Louis, MO) dissolved in deionized distilled water (saturated). Specimens were viewed in 40% ethanol. Permanent slide mounts (Euparal, Bioquip Gardenia, CA) were made of abdominal pelts and genitalia (Winter 2000) . Terminology for abdominal and genital morphology follows Klots (1970) and Forbes (1939) .
Collections consulted include The Natural History Museum, London (BMNH); Musé um National dÕHist-oire Naturelle, Laboratorie dÕEntomologie, Paris (MNHP); Museo Zoologia de Universidad de Concepció n, Chile (MZUC); and the U.S. National Museum of Natural History, Smithsonian Institution, Washington, DC (USNM).The type specimen of C. decolora and those of recognized synonyms were examined to verify identiÞcations of adult specimens (Poole 1989) 48 are phylogenetically informative. Again, the majority of the informative characters are found in third positions (46 versus 2 and 0 in the Þrst and second positions, respectively). Within C. decolora there is a maximum of 4.2% divergence in COI sequences (AY203881 versus AY203880). In contrast, there is 0.7% divergence in the sampled C. naenoides; sequences were identical for P. saucia. Eight haplotypes were recovered from C. decolora (Table 1; Fig. 2 ). The most common haplotype (1) was found in 25 samples from Colombia, Ecuador, and Mexico (Table 1) . No clear host plant partitions are displayed by haplotype distribution (Table 2) .
Phylogenetic Trees Based on COI. Analysis of these data by parsimony resulted in six trees (L ϭ 114 steps, CI ϭ 0.86, RI ϭ 0.95, phylogram shown in Fig. 2) . Copitarsia humilis is not found within the ingroup, indicating that is not congeneric with other species of Copitarsia. This observation is supported by both morphological data and evidence from the nuclear gene elongation factor-1ϰ (EF-1ϰ) (unpublished data). The monophyly and species composition of Copitarsia will be examined in future studies.
Two lineages within C. decolora are present (clades 1 and 2; Fig. 2 ). Clade 1 contains haplotypes 1Ð5 and has a mixed distribution within Colombia, Ecuador, and Mexico. This clade has strong bootstrap support (93%). Clade 2, containing haplotypes 6Ð8, is exclusively South American and has high bootstrap support (80%; Fig. 1 ). Clade 2 is a sister to C. naenoides (clade 3), rendering C. decolora paraphyletic. This relationship has moderate bootstrap support (60%; Fig. 2) .
ML analyses support the parsimony results (Fig. 3) . Although clade 1 has high bootstrap support in the parsimony trees, it is not supported by likelihood methods (Fig. 3) . This result is likely because of the bias of transitions relative to transversions, particularly in the third codon position. This bias results in downweighting of these characters during the ML analysis, which in turn downweights characters supporting clade 1. Clades 2 (C. decolora in part) and 3 (C. naenoides) are again found to be sisters, although this relationship has low bootstrap support (Fig. 3) .
Discussion
Uncorrected pairwise divergences within C. decolora suggest the presence of two distinct lineages. Within C. decolora, variation in COI is higher (4.2%) than that previously reported for many other pest species (e.g., Andreev et al. 1998 , Sperling et al. 1999 , Evans et al. 2000 , Scheffer and Wiegmann 2000 , Scheffer and Lewis 2001 . Considerably less mitochondrial variation was found within the species C. naenoides (0.7%) and P. saucia (0%), although these species were not as extensively sampled as C. decolora. High levels of divergence within C. decolora and its paraphyly with respect to C. naenoides suggest that cryptic species may be present.
The geographic overlap between the cryptic lineages in C. decolora raises the issue of identifying sympatric, cryptic species. Representatives of clades 1 and 2 not only overlap geographically (Colombia and Ecuador) but also use the same hosts within these areas (Limonium, Alstroemeria, Aster; Table 2 ). Presumably, these representatives could be present in the same community. Unfortunately, speciÞc locality information is not available for most of these specimens, because they were collected at U.S. ports of entry by APHIS personnel. Further morphological studies will examine the possibility of sympatry of clades 1 and 2.
Despite the strong mitochondrial pattern of divergence, a single gene tree is not indisputable evidence for the presence of cryptic species (Sperling et al. 1999 , Scheffer 2000 . It is possible that the mitochondrial divergence instead reßects intraspeciÞc polymorphism (Sperling et al. 1999) . Preliminary morphological evidence from male genitalia, however, seems to support the presence of cryptic lineages (Fig. 4) . Males from Mexico (clade 1) have a blunt, squareshaped digitus on the male valve (Fig. 4, A and B) that match the genitalia of the type specimen for C. decolora (R. B. S., personal observation), whereas males from Peru (clade 2) possess a digitus that is more rounded terminally (Fig. 4C) . Male C. naenoides (Clade 3) have a digitus that is more rounded apically (Fig. 4D) ; members of clade 2 seem to be morphologically intermediates between clades 1 and 3 for this character. Members of clade 2 are distinct from C. naenoides (clade 3) both in external appearance and in female genitalia (data not shown). C. naenoides tend to be reddish brown in color, and females have a pleated antevagellar plate; members of clade 2 are gray brown in color, and females have a spinose antevagellar plate. While these slight differences may be further evidence of an undescribed species within C. decolora, a larger geographic sample is necessary to conÞrm the consistency of these morphological differences. Hence, any revision to the current taxonomy would be premature because our observations are based on Ͻ10 adult specimens.
This study represents a starting point for investigating cryptic lineages in this widely distributed and polyphagous noctuid. Subsequent analysis using nuclear markers and greater morphological sampling will be necessary to fully determine whether the clades uncovered by this study reßect intraspeciÞc polymorphism or interspeciÞc divergence.
